Recombinant plasmids containing DNA inserts complementary to mRNA coding for hypoxanthine-guanine phosphoribosyltransferase (HPRT) from mouse and Chinese hamster cell lines have been isolated from cDNA libraries and characterized by DNA sequence analysis. A total of 1292 nucleotides of the mouse cDNA sequence and 1301 nucleotides of the Chinese hamster cDNA sequence has been determined. Each of these sequences includes an open reading frame of 654 nucleotides (218 amino acids) corresponding to the HPRT protein coding region.
INTRODUCTION
The elucidation of mutational events responsible for alterations in the expression of eucaryotic genes has now become possible through the use of molecular cloning and DNA sequencing techniques.
In mammalian cells the hypoxanthine-guanine phosphoribosyltransferase (HPRT, EC 2.4.2.8) gene has been extensively used in mutation studies, primarily because it is a functionally haploid locus due to its location on the X-chromosome and because powerful selection techniques allow the isolation of mutants and revertants (1, 2) .
In addition to genetic analyses, a variety of biochemical techniques have been applied to the study of induced and spontaneous mutations at this locus.
These studies have focused on characterization of electrophoretic, immunological, kinetic and thermal sensitivity properties of the enzyme product, as well as on tryptic peptide analysis (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The examination of mutational changes in the HPRT gene at the nucleic acid level has, until recently, been impossible due to the lack of cloned probes.
We have previously reported the isolation of partial cDNA recombinants complementary to HPRT mRNA from a mouse cell line which was found to overpro-duce HPRT mRNA by virtue of having amplified the HPRT gene (13, 14) . This report describes the construction of cDNA recombinants containing the full coding sequence for mouse HPRT and the isolation of similar sequences complementary to mRNA from a Chinese hamster cell line possessing amplified HPRT genomic sequences. These recombinants have been characterized by DNA sequence analysis.
A high degree of homology is found between the mouse and hamster nucleotide sequences, particularly within the protein coding regions. The sequence analysis of Chinese hamster cDNA recombinants provides evidence that two species of mRNA, which differ in their site of polyadenylation, are present in hamster cells. The data also allow the prediction of the complete amino acid sequences for the mouse and hamster HPRT proteins.
MATERIALS AND METHODS
Purification of mRNA and preparation of double-stranded cDNA
Total cellular RNA was isolated from the mouse neuroblastoma cell line, NBR4 (14, 15) , and the V79 Chinese hamster cell line RJK159 (8) by guanidinium/HCl extraction (16) . mRNA was partially purified by two passages through oligo dT cellulose (Collaborative Research) and recovered by ethanol precipitation (17).
Single stranded cDNA was synthesized from mRNA in a reaction mixture containing 50-100 ug/ml mRNA, 50 mM Tris/HCl pH 8. with 10-20 guanine residues/3 1 terminus as described above, substituting dGTP for dCTP. The two DNAs were annealed in a molar ratio of 1:1 at a final DNA concentration of 1 pg/ml in 10 mM Tris/HCl pH 7.6, 200 mM NaCl, 1 mM NaEDTA at 65°C for 5 min followed by incubation at 42°C for 2 hr and gradual cooling to room temperature overnight. Annealed plasmids were precipitated with ethanol in the presence of 20 pg/ml E. coli tRNA as carrier and used to transform E.
coli RR1 cells made competent by treatment with CaCl2 (20) . Transforraants were selected on L agar plates containing 25 pg/ml tetracycline.
Identification and Characterization of HPRT cDNA recombinants
Bacterial colonies were grown overnight, in ordered arrays, on nitrocellulose filters overlayed on selective agar plates. HPRT cDNA recombinants were identified by colony hybridization. The probe was a 230 bp Hae III fragment which was isolated from pHPT2 and labelled by nick translation (13) .
Plasmid DNA was isolated using a Triton X-100 lysis procedure (21) 
DNA sequence determination
Nucleotide sequences were determined using the chemical sequencing method of Maxam and Gilbert (22, 23) . Restriction enzymes were used under conditions recommended by the supplier (New England Biolabs) and fragments were labelled at 5' termini using T4 polynudeotide kinase (New England Nuclear) and y-^2P-
The analysis of labelled products obtained following basespecific modification reactions and subsequent strand cleavage was carried out on 8% and 25% polyacrylamide gels.
RESULTS

Construction and identification of cDNA recombinants
The results of a preliminary experiment carried out to determine optimal conditions for the synthesis of full-length mouse HPRT cDNA are shown in Five Ug of NBRA mRNA was converted to double-stranded cDNA by a modification of the method of Wickens et al. (24) .
At each step an aliquot was removed and the products were glyoxalated (25) , fractionated by agarose gel electro-" " phoresis and transferred to nitrocellulose **"" as described by Thomas (26) . The filter A. <1 was then probed with a radiolabelled cDNA fragment from pHPT2 under hybridization conditions reported previously (13) . The scale refers to nucleotide position (x 10"^) relative to the predicted protein initiation codon beginning at position 0. The endpoints for cDNA inserts of the different recombinants are indicated. Restriction endonuclease cleavage sites used as labelling positions for nucleotide sequencing are indicated only on pHPT5 and pHPT12 for simplicity. The arrows beneath these maps indicate the direction and approximate extent of sequence determination for each fragment analyzed. Fragments with an x at the end were labelled at pBR322 vector sites outside the cDNA insert. The following abbreviations are used for restriction enzymes: A = Ace I, Av = Aval, B = BstN) , Ha = Haelll, He = Hindi, Hd = Hindlll, Hf = Hinfl, Hh = Hhal, R = Rsal and T = Tag I. of 1292 nucleotides of the mouse HPRT cDNA was determined by the sequencing strategy summarized in Figure 2A . At least 70% of the sequence was determined from both strands; the remainder was obtained from at least two independent experiments using fragments labelled at different restriction sites and all sites used for end-labelling were read through from other positions. Several regions were checked by sequencing fragments from different recombinants and no sequence discrepancies resulting from cloning artifacts were found. The complete nucleotide sequence for the mouse HPRT cDNA is presented in Figure 3 . From the two hamster cDNA recombinants, pHPTll and pHPT12, a total of 1301 bases of nucleotide sequence has been determined. The sequencing strategy, outlined in Figure 2B , again employed either bidirectional or duplicate determinations. The hamster cDNA sequence, aligned relative to the mouse cDNA sequence to emphasize homology, is presented in Figure 3 . The predicted protein coding sequence is of identical length to that for the mouse and there is 95.6% nucleotide sequence homology within this region. If gaps are introduced in the sequences as shown in Figure 3 there is approximately 80%
sequence homology between the noncoding regions.
The nucleotide sequences found near the 3' end of the hamster cDNAs were particularly interesting. The sequence determined for pHPT12 contained the AAUAAA polyadenylation signal twice, in positions comparable to those found in the mouse cDNA sequence (see Figure 3) . However, the sequence for pHPTl1 was not encountered in the mouse cDNA recombinants, it certainly cannot be ruled out on the basis of the limited number which have been sequenced in this -50 TTACCTCACT GCTTTCCGGA GCGGTAGCAC CTCCTCCGCC GGCTTCCTCC TCAGACCGCT TTTTG---CC *********C ******TC*T **CTCG**G* ******T**G ********** ***c****** C**C*CTC** 1 50 GCGAGCCGAC CGGTCCCGTC ATGCCGACCC GCAGTCCCAG CGTCGTGATT AGCGATGATG AACCAGGTTA **C******* **A*T***** ***c****** ****c***** ********** **x******* *******£** 100 TGACCTAGAT TTGTTTTGTA TACCTAATCA TTATGCCGAG GATTTGGAAA AAGTGTTTAT TCCTCATGGA ********** **A******* *T******** c****T**** ********** *G******** ********** 150 CTGATTATGG ACAGGACTGA AAGACTTGCT CGAGATGTCA TGAAGGAGAT GGGAGGCCAT CACATTGTGG Q *****#**-********** *********£ ********** ****^***** ********** ********** 200 250 CCCTCTGTGT GCTCAAGGGG GGCTATAAGT TCTTTGCTGA CCTGCTGGAT TACATTAAAG CACTGAATAG 300 AAATAGTGAT AGATCCATTC CTATGACTGT AGATTTTATC AGACTGAAGA GCTACTGTAA TGATCAGTCA 350 400 ACGGGGGACA TAAAAGTTAT TGGTGGAGAT GATCTCTCAA CTTTAACTGG AAAGAATGTC TTGATTGTTG 450 AAGATATAAT TGACACTGGT AAAACAATGC AAACTTTGCT TTCCCTGGTT AAGCAGTACA GCCCCAAAAT *G**C***** ********** ********** *****£**** *********c ****G***** A**T****** 500 GGTTAAGGTT GCAAGCTTGC TGGTGAAAAG GACCTCTCGA AGTGTTGGAT ACAGGCCAGA CTTTGTTGCA 550 600 TTTGAAATTC CAGACAAGTT TGTTGTTGGA TATGCCCTTG ACTATAATGA GTACTTCAGG AATTTGAATC 650 xxx ACGTTTGTGT CATTAGTGAA ACTGGAAAAG CCAAATACAA AGCCTAAGAT CAGCG--CAA GTTGAATCTC w^^******* ********** *****£**** ********** ********** ***^*'2"pw** ********** 700 750 CAAATACGAG GAGTCCTGTT GATGTTGCCA GTAAAATTAG CAGGTGTTCT AGTCCTGTGG CCATCTGCCT ****C***** ******CA** c*****C*** *********C **A*CA**** ***T***CA* ********T* S00 AGTAAAGCTT TTTGCATGAA CCTTCTATGA ATGTTACTG--TTTTATTTT TAGAAATGTC AGTTGCTGCG ****C***** ********** *******A** **T***TG*T T********* ********** *********A 850 TCCCCAGACT TTTGATTTGC ACTATGAGCC TATAGGCCAG CCTACCCTCT GGTAGATTGT CGCTTATCTT *T*TT*A*** ***T****** ********** * TC *A******** ******C*** 900 950 GTAAGAAAAA CAAATCTCTT AAATTACCAC TTTTAAATAA TAATACTGAG ATTGTATCTG TAAGAAGGAT **G**Q***G "p********* ********** *A* *** A***G***** ********** ******AC** 1000 TTAAAGAGAA GCTATATTAG TTTTTTAATT GGTATTTTAA TTTTTATATA TTCAGGAGAG AAAGATGTGA ********£* *^******** ********** ********** ********** ***Q***^** •****£***** 1050 1100 TTGA-TATTG TTAATT -TAGACGAGT CTGAAGCTCT CGATTTCCTA TCAGTAACAG ****A***** ******ATAC CACCATGTGT T****AC*** G******A** *AG****A*G ********--++++++ 1150 CATCTAAGAG GTTTTGCTCA GTGGAATAAA CAT--GTTTC AGCAGTGTTC GCTGTATTTT CCCACTT---*********A ********** ********** ***AT****J *-]•******** (;**^****** *******GGA 1200 ++++++ TCAGT AAATCGTTGT CAACAGTTCC TTTTAAATGC AAATAAATAA ATTCTAAAAA TT TTCTT***** G*G**A**** ********** *•*-****** ******* -********* **TACCACT Figure 4 . Predicted amino acid sequences for mouse and Chinese hamster HPRT proteins. The sequences are identical except where two residues are shown; at these positions the amino acid above the line is that predicted by the nucleotide sequence of mouse cDNA while the residue below the line is that predicted from the Chinese hamster cDNA sequence. The amino acids are arbitrarily numbered from the methionine initiator although this residue may be absent in the mature protein (see Discussion). processed in a similar way, one would predict that the total number of residues in the mouse and hamster proteins would be identical to that of human, with proline and alanine residues comprising the amino terminus of the mouse (NBR4) and Chinese hamster (RJK159) proteins respectively (see Figure   4 ). Based on amino acid compositions, both of the rodent proteins have a molecular weight equal to 24,500. Figure 4 . The amino terminal residue in the human protein has been determined to be an alanine (29) which would thus correspond to position 2 by this convention.
At each position noted, identical amino acids are found in 2 of the 3 proteins; the unique residue in each case is indicated by an asterisk. However, it is interesting to note that antisera raised against either native Chinese hamster or human HPRT do not exhibit cross-species reactivity (31; unpublished data). Although the precise identification of differences in the mouse and hamster sequences which result from mutations must await direct comparison with wild-type sequences, examination of the data in Table 1 can be used to predict the most likely candidates.
In the hamster sequence the most dramatic differences would appear to be the Further study will be required to completely characterize the HPRT mRNA.
The cloned sequences probably do not extend to the extreme 5' end of the mRNA, even though some 90 bases preceding the apparent initiation codon are included. One of the hamster recombinants, pHPTl1, appears to extend for an additional 338 bases in the 5' direction. However, preliminary SI mapping experiments suggest that these sequences are not present in the mRNA. Additional analysis will be needed to determine whether this anomaly is a result of a cloning artifact or is, in fact, significant. On the other hand we have detected differences between two hamster recombinants at the 3' end which do appear to be significant. The results suggest that two different mRNA species are produced which vary in their site of polyadenylation due to differential recognition of RNA processing signals. A similar situation, where different mRNA species are apparently produced from the same transcript, has been found with dihydrofolate reductase mRNAs (33) . SI mapping experiments are in progress with the HPRT recombinants to examine the situation more closely to determine if this is a general phenomenon or is a function of the particular cell line used.
The results presented in this paper should greatly facilitate the study of mutational alterations at the HPRT locus in cultured cell lines, either at the level of amino acid sequence or nucleotide sequence. In addition, the high level of interspecies sequence homology has already been exploited to identify DNA sequence polymorphisms near the HPRT locus in man (34) and studies are underway to use the cloned HPRT probes for the examination of the naturallyoccurring mutations at the HPRT locus which result in gouty arthritis or Lesch-Nyhan syndrome in humans.
